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(54)Tltie: DBHUMIDIFIBR SYSTEM 



(57) Abstract 

A dflhumidificT tt^fitem (JO) comprising; a dehumiditying chamber (12) into which moist air is introduced and fern whidi less moist 
«ir is icm^ate deLnidifl<^on;7dcaiiant solution (28) situated in lu least one rcacr/olr (30); a tet C^?) ^« 

sldr^^^is^nsforitd from thc^at Icajt one tei»rvoii (30) to the debiimidifying chaml)er 02 , said solution bcmg i^mcd o stud a 
least one Wvo? (30) flfter absorbiag moiirture from the moist air, a le^eneratm (32) wWcb i^reivcs desiccant solution &om soul a le^t 
one rLivo^d iJJnoveg moisture fhnn it; a seoond oonduU via whUA desicc»i is txanrfeixed ^lom l^^t^™ "^rvoir (30) to the 
leaBnerator (32), laid adution being letumed to said ai least one te«ciy<Hr after molsnire is removed fxom it; and a heat pump (44) that 
cratisfera beat ftom the solution in the fim conduit to the soUiUon in the itecond conduit 
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DEHUMIDIFIER SYSTEM 

T7TF.T.nnFTmmNnQN 
This inveution is in the field of dehumidification and in particular is concerned with 
improved efficiency of desiccaut type ddxwnidifiers, 
5 BACKGRQUN P OF TNVBNTIQN 

Large scale air dAumidifying systems based on a desiccating agent axe associated with 
two main problems. One problem is that the dried.air output is warmer than the moist air input. 
This result is caused by the heating of the air from latent heat of evaporation as the moisture is 
removed thereftom and also, to a lesser degree by the heating of the air by transfer of heat 
10 from the generally warmer deslccant. A second problem is that regmeration of the desiccant 
requires consid^ble energy. 

Dehumidifying systems based on liquid desiccants dehumidify air by passing the air 
through a tank filled with desiccant. The moist air enters the tank via a moist air inlet and dried 
air exits the tank via a dried air outlet. In one type of desiccant system a shower of desiccant 
15 from a reservoir is sprayed into the tank and, as the desiccant droplets descend through the 
moist air, they absorb water from it. The desiccant is then returned to the reservoir for reuse. 
This causes an increase in the water cotitent of the desiccant. 

Water saturated desiccant accumulates in the reservoir and is pumped therefrom to a 
regenerator unit where it is heated to drive off its absorbed water as vapor. Regenerated 
20 desiccant, which heats up in this process, is pumped back into the reservoir, for reuse. Since 
the water absorption process leads to heating of the air and the regeneration process heats the 
desiccant, substantial heating of the air takes place during the water absorption process. 

An example of a device usiitg a circulating hygroscopic liquid such as a LiCl desiccant 
is described in US Patent No. 4,939,906. In fliis patent a boiler is provided with finned tubes 
25 for the flow of the heated desiccant. This patent also discloses pre-heating the saturated 
desiccant before it enters the boiler for final regeneration by direct transfer of heat thereto fit>m 
desiccant leaving the tank. 

Other variations of systems using re-circulated desiccant solutions for dehumidifying 
air are shown in US Pat. Nos. 4,635,446, 4.691,530 and 4,723,417. Many of these systems 
30 utilize transfer of heat from one portion of the debumidifier to another to improve its 
efficiency. 

In general, regeneration of the liquid desiccant requires its heating with the 
concomitant expenditure of wergy. 
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The present invention, in somo embodiments thereof, is designed to utilize heat transfer 
in a new way in the process of regenerating its liquid desiccant thereby enhancing the overall 
efficiency of the system. 

5 In a preferred embodiment of the invention a heat pump extracts heat from liquid 

desiccant, preferably m a humidity collector unit and transfers the heat to a heating coil in a 
regenerator nnit thereby reducing the overall energy required by the system. In addition, this 
transfer of energy has tlie effect of cooling the desiccant which contacts the moist air that 
enteis the system. Thus, dry air which exits the system is cooler than it would be in the 
10 absence of the heat transfer- 
In addition, in preferred embodiments of the invention^ hear energy in one or more of 
moisture laden air which exits the regenerator^ heated desiccant which exits the regenerator 
and air which exits the dehumidifier is used to heat the desiccant to be regenerated either on its 
way to or in the regOTerator tank. 
15 According to an aspect of some prefenred embodiment of the invention, a dehumidifier 

is provided in which the relative humidity of treated air is self regulating, such that the relative 
humidity of the air exiting the dehumidifier remains relatively constant as the temperature or 
humidity of the air entering the dehmnidifi^ drops. The air temperature of the exiting air 
preferably depends on the input air conditions, with the exit air temperature dropping witli 
20 lower input.temperature/rclative humidity. 

There is thus provided, in accordance with a prefOTCd embodiment of the invention, a 
dehumidijSer system comprising: 

a dehumidifying chamber into which moist air is introduced and from which less 
moist air is removed after dehumidi£cation; 
25 a desiccant solution situated in at least one reservoir; 

a first conduit via which desiccant solution is transfeired from the at least one 
reservoir to the dehumidifying chamber, said solution being retomed to said at least one 
reservoir after absorbing moisture from the moist air; 

a regenerator which receives desiccant solution from said at least one reservoir and 

SO removes moisture from it; 

a second conduit via which desiccant is transferred from the at least one reservoir to 
the regaieraior, said solution being returned to said at least one reservoir after moisture is 
removed from it; and 
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a heai pump that transfers heat from the solution in the first conduit to the solution in 
the second conduit. 

preferably, the heat pump comprises a first heat exchanger which receives heat from 
the solution in the first conduit, a second heat exchanger that receives heat from the solution in 
5 the second conduit and a compressor. 

Preferably, the regenerator comprises a regenerator chamber in which moisture is 
removed fiom the solution by contact with air that is brought into the chamber. Preferably, the 
compressor is cooled by said air prior to its entry into the regenerator chamber, such that the 
moisture removal ability of the air is increased. 
10 In a preferred embodiment of the invention, the heat pmnp includes an additional heat 

exchanger which transfers heat from a refrigerant after the refrigerant leaves the second heat 
exchanger. Preferably, the regenerator comprises a regenerator chamber in which moisture is 
removed from the solution by contact with air that is brought mto the chamber. Preferably, the 
additional heat exchanger is cooled by said air prior to its entry into the regenerator chamber, 
15 such that the moisture removal ability of the ah: is increased. 

In a preferred embodiment of the invention, the system includes a control that 
controls the amount of heat transfexred by the heat pump. 

In a preferred embodiment of the invention, the at least one reservoir comprises a first 
reservoir from which solution is transfenred via the first conduit and a second reservoir from 
20 which solution is transferred via the second conduit. Preferably, a substantial temperature 
differential is maintained between the first and second reservoirs. 

Preferably, the system includes a conduit thai connects the first and second reservoirs, 
such that the level of solution in them is substantially the same. 

There is fiuther provided, m accordanne with a preferred embodiment of the 
25 invention, a ddiumidifier system comprising: 

a dehumidifying chamber into which moist air is introduced and from which less 
moist air is removed after dehumidification; 

a desiccant solution situated in a first resesrvoir, 

a first conduit via which desiccant solution is transferred from the first reservoir to the 
30 dehumidifying chamber, said sohition bring returned to said at least one reservoir after 
absorbing moisture from flie moist air; 

a desiccant solution situated ui a second reservoir; 
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a regenerator which receives desiccant solution firom the second resovoir and 

removes moisture boxxt it; 

a second conduit via which desiccant is transfeired from the second reservoir to the 
regenerator, said solution being returned to said second reservoir after moisture is removed 
S from ii; and 

wherein a substantial temperature differential is maintained between the first and 
second xeBervoixs. 

Preferably, the system mcludes a conduit connecting the first and second reservoirs 
such that the level of solution in thero is substantially the same. 
10 Preferably, the conduit provides for only limited mixing between the two reservoirs 

such that the substantial temperature differential is maintained between them. Preferably, the 
temperature differential is at least 5 OC. such as at least I O^C or at least 1 50C. 

Preferably, the system uxcludes means for providing an additional hmited amount of 
mixing between the two resarvoirs. 
15 TTiere is further provided, in accordance with a prefrared embodiment of flie 

invention, an air modifying device, including: 

an enclosure including apparatus for modifying ak entering the apparatus via an air 
mlet and having an air outlet for the modified air; 

a first conduit haviag an entrance for air and an exit communicating with the inlet; 
20 a second conduit having an exit and an entrance communicatittg with the outiet; and 

a mounting surfiuje adapted for mounting the device on a partition such that the 
enclosure is on a first side of Ihe partition and the entrance to the first conduit and the exit 
from tine second conduit ate situated on a second side of the partition. 

Preferably, the condnits cany air &om the first side of the partition to the second side 
25 of the partition. Preferably, the mounting surface is adapted for mounting on a wmdow siU and 
the system includes a seal around the conduits that seals the first side of the partiUon ftom the 
second side of the partition when a window is closed on the conduits. 

In a preferred embodiment of the invention, the apparatus for modifying air is a 
ddmmidifier. 

30 In a preferred embodhnent of the invention, the apparams for modifying air is an air 

conditionei- including a heat pump lhat cook air entering the mlet by contact witti a cold 
surface of the heat pump. 
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In a preferred embodimeat of the inveation, the apparatus for modifying air is a 
combination dehumidifler and an air conditioner includmg a heat pump that cools air entering 
the inlet by contact wiflx a cold surfece of the heat pump. 

In a preferred embodiment of the invention, the dehumidifler is a dehumidifler system 

5 as described herein. 

nj^VR: ^ nKSC!RIPTIQN O F DRAWINGS 
The present invention wiU be more clearly and fixUy understood fix^m the following 
detailed description of the preferred embodiments thereof, in which the same reference 
numerals in different drawings correspond to the same features, read in conjunctioo witii the 

10 drawings in which; 

Fig. 1 schematically shows a dehumidifler unit, in accordance with a preferred 

embodiment of the invention; 

Fig. 2 schematically shows a second dehumidifler unit, in accordance with an 
alternative preferred embodiment of the invention; 
j5 Fig. 3 schematically shows a system for wetting a sponge with desiccant solution, in 

accordance with a preferred embodiment of the invention; and 

Fig. 4 shows a prefened construction for a window mounted debuinidifier unit in 
accordance with a preferred embodiment of the invention. 

nRTAn^ED DE.SCRIPTION OF PREFERRED EMBOD IMENTS 
20 A ddiumidifying system 10, in accordance with a preferred embodiment of the 

invention compiises, as its two main sections a dehumidifying chamber 12 and a regenerator 
unit 32. Moist air enters dehumidifying chamber 12 via a moist air inlet 14 and dried air exits 
chamber 12 via a dry air outlet 16. 

In a preferred embodhnent of the invention, desiccant 28 is pumped by a pump 20 bom 
25 a desiccant reservoir 30 via a pipe 13 to a series of no22aes 22. These nozzles shower a fine 
spray of tiic desiccant into the interior of chamber 12, which is preferably fiUed with a 
cellulose sponge material 24 such as is generally used in the art for such purposes. The 
desiccant slowly percolates downward through the sponge material into reservoir 30. Moist air 
entering the chamber via inlet 14 contacts the desiccant droplets. Since the desiccant is 
30 hygroscopic, it absorbs water vapor from the moisi air and drier air is expelled through outlet 
16. Preferably, reservoir 30 is located on the bottom of chamber 12 so that the desiccant from 
sponge 24 fells directly into the reservoir. 


5 


DEC. 2001 12:04 


WOLFFPATENT JRLM ISRAEL 6242266 


NO, 168 P. 9 


PCTaL98/00552 

WO 99/26026 

In a prefenred embodiment of the invention, a pump 35 and associated motor 37 pump 
desiccant from an extension of icfiervoir 30 into pipe 13. A divider 38 receives desiccant from 
pipe 13 and sends part of the desiccant to nozzles 22 and part to regenerator unit 32. A valve or 
constriction 39 (preferably a controUable valve or constriction) may be provided to control the 
5 proportion of the desiccant which is fed to regenerator 32. If a controllable valve or 
constriction is used, the amount of desiccant is preferably controlled in response to the 
amount of moisture in the desiccant 

Chamber 34 includes a heat exchanger 36 which heats the desiccant to drive off part of 
the water vapor it has absoxhed, thus regenerating it, 
10 Regenerated liquid desiccant is transfenred back to reservoir 30 via a pipe 40 and a tube 

42 of sponge material such as that which fills chamber 12. Tube 40 is preferably contained in a 
chamber 58 which has an inlec 60 and an outlet 62. Air, generally from outside the area in 
which the air is being modified, enters the chamber via inlet 60 and carries away additional 
moisture which is evaporated from the still hot desiccant in tube 42. the air exiting at exit 62 
15 carries away this moisture and also moisture which was removed from the desiccant in the 
regenerator. Preferably a fan (not shown) at exit 62 sucks air from chamber 58. 

Alternatively or additionally* heat is transferred from tlie regenerated liquid desiccant 
to the desiccant entering or in the regenerator by bringing the two desiccant streams into 
thermal (but not physical) contact in a thennal transfer station (not shown). Altematively or 
20 additionally, a heat pump may be used to liansfisr additional energy from the cooler desiccant 
leaving the regenerator to the hotter desiccant entering the regenerator, such that the desiccant 
returning to the reservoir is actually cooler than the desiccant which raters the chamber 34. 

In a prefenred embodiment of the invention, a heat pump systOTi 44 is provided which 
extracts heat from the desiccant in reservoir 30 to provide energy to heat exchanger 36. 
25 Preferably, this heat pump includes (in addition to exchanger 36 which is the condenser of the 
system) a second heat exdianger 46 in reservoir 30, which is the evaporator of the system, and 
an expansion valve 56. This transfer of energy results in a reduced tcmperamre of the desiccant 
which contacts the air being dried thus reducing the temperature of the dried air. Second, this 
transfer of energy reduces the overall requirement of encxgy for operating the regenerator, 
30 generally by up to a factor of 3, Since the energy utilized by tfie regeneration process is the 
major en^gy requirement for ttie system, this reduction in energy usage can have a major 
effect on the overall efficiency of the system. Additionally, this method of heating of the 
desiccant in the regenerator may be supplemented by direct heating, utilizing a heating coil. 
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It should be understood that the proportion of water v^or in the desiccant in reservoir 
30 and in the regenerated desiccant must generally be wittun certain limits, which limits 
depend on the particular desiccant used. A lower limii on the required moisture level is thai 
needed to dissolve the desiccant such that the desiccant is in splution in the moisture. 
5 However, when the moisture level is too high, the desiccant becomes inefficient in removing 
moisture from ihe air which enters chamber 12. Thus, it is necessary that the moisture level be 
monitored and controlled It should be noted that some desiccants are liquid even in the 
absence of absorbed moisture. The moisture level in these desiccants need not be so closely 
controlled. However, even in these cases the regeneration process (which uses energy) should 
10 only be performed when the moisture level in the desiccant is above some level. 

This monitoring function is generally performed by measurement of the volume of 
desiccant, which increases with increasing moisture. A preferred method of measuring the 
volume of liquid in the res^oir is by measurement of the pressure in an inverted vessel 50 
which has its opening placed in the liquid in the reservoir. A tube 52 leads from vessel 50 vo a 
15 pressure gauge 54. As the volume of desiccant increases from the absorption of moisture, the 
pressure measured by gauge 52 increases. Since the liquid in the chamber and in vhe 
regenerator is fairly constant, this gives a good indication of the amount of desiccant and thus 
of the amount of moisture entrained in the desiccant. When the moisture level increases above 
a preset value, the heat in chamber 34 is turned on. In a prefenred embodiment of the invention, 
20 when the moisture level falls below some ofter, lower preset value, the heater is turned off 

Oflier fectors which may influence the cut-in and cut-out points of the regeneration 
process are the temperature of the dry air, the regeneration efficiency and the heat pump 
efficiency. In some preferred embodiments of the invention, especially in cold air systems (as 
for ice-skating rinks) ii may be advisable to provide some direct heating of desiccant in the 
25 regeneration process . 

In other preferred Qoabodiments of the invention heat pumps or other heat transfer 
means (not shown for sunplicity) are provided to transfer heat from the dried air exiting 
chamber 12 and or from the heated moist air leaving regenerator chamber 34. to heal the 
desiccant on its way to or in chamber 34. If heai pumps are used, the source of the heat may be 
30 at a temperature lower than the desiccant to which ir is transferred. 

It should be understood that cooling of the desiccant in the reservoir can result in dried 
air leaving the dehumidifier which has the same, or preferably a lower temperature than the 
moist air entering ttie dehumidifier, even prior to any additional optional cooling of the dry air. 
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This feature is especially useful where the dehuoiidifier is used in hot climates in which the 
ambient temperature is already high. 

As indicated above, one of the problems with dehumidifier systems is the problem of 
detennimng the amoimt of water in the desiccant solution so that the dehumidifier solution 
5 water content may be kept in a proper range. 

A dehumidifier 100, in accordance with a preferred embodiment of the present 
invention, is shown in Fig. 2. This dehumidifier is self regulating with respect to water contem 
of the desiccant solution and thus does not require any measurement of the volume or waier 
content of the desiccant solution. Furthemaore, the dehumidifier operates until a predetermined 
10 humidity is reached and then ceases to reduce the humidity, without any controls or cut-offs. 

Dehumidifier 100 is similar to dehumidifier 10 of Fig. 1, with several significant 
differences. First, the system docs not require any measurement of water content and thus does 
not have a volumetric measure for the desiccant. However, such a measurement may be 
provided as a safety mcasmrc if the solution becomes too concentrated- 
15 Second, the heat pump transfers heat between two streams of desiccant solution being 

transfened firom reservoir 30 (which is conveniently divided into two portions 30A and 30B 
connected by pipes 30C), namely a first stream being pumped to nozzles 22 by a pump system 
130, via a conduit 102 and a second stream being pumped to regraerator unit 32 by a pump 
system 132, via a conduit 104. 
20 Preferably, pipes 30C (including the bypass pipes shown) are designed so that its major 

effect is to generate a common level of the solution in portions 30A and 30B. In general, it is 
desirable that the two reservoir portions have different temperatures. This necessarily results in 
difEerent concentrations of desiccant However, it is considered generally desirable to provide 
some mixing between the sections, by some pumping via the bypass pipes shown so as to 
2$ transfer moisture bom one portion to the other. In a prcfetred embodiment of the invention a 
temperature differential of 5 OC or more is maintained, more preferably, 10 or more and 
most preferably IS^C or even more. Thus, in a prefCTred embodiment of the invention, 
reservoir portion 30A is at a temperature of 30 or more and reservoir portion 30B is at a 
temperature of 15 or less. 
30 In Pig. 2, a different constmction for regenerator unit 32 is shown, which is similar to 

that of the ddiumidifier section. Furthermore, in Fig. 2, neither section has a cellulose sponge 
material, which may be present or absent firom either the embodiraeat of Fig. 1 or that of Fig, 
2, 
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In a preferred embodiment of the invention, appUcable to either Figs. 1 or 2, spray 
nozzles are not used. Rather, the spray nozzles are replaced by a dripper system ftom which 
liquid is dripped on the cellulose sponge to continuoufily wet the sponge. 

Fig. 3 shows a preferred embodiment of a dripper system for wetting sponge 24. In this 
5 system an open conduit 200, preferably in the form of a serrated half-pipe is filled with 
desiccant solution 28. The desiccaat solution flow through serrations along the length of the 
conduit and uniformly wets the sponge. In mosi instances the use of a sponge, without spray is 
preferred since the use of a spray results in dispersion of desiccant solution in the air, which 
must be remover therefrom. Other methods of wetting sponge 24 will occur to persons of skill 
10 m the art and any such method may be used in the practice of xhe invention. 

Returning to Fig. 2, heat pump system 44 extracts heat from the desiccant solution in 
conduit 102 and transfers ii to the desiccant in conduit 104. Heat pump system 44 preferably 
contains, in addition to the components contained in the embodiment of Fig. 1, an optional 
heat exchanger 136 to transfer some of the heat from the refrigerant leaving heat exchanger 
15 104 to the regenerating air. Preferably, the compressor is also cooled by the regenerating air. 
However, when the air is very hot, additional air, not used in the regenerator, may be used for 
cooling the compressor and the refrigerant Alternatively, only such air is used for such 
cooling. 

The resultant heating of the air entering the regenerator mcreoses the ability of the air 
20 to remove moisture from the desiccant. Heat pump 44 is set to transfer a fixed amount of heat. 
In a preferred embodimmt of the invttition, the humidity set point is determined by 
controlling the amount of heat transferred between tiie two streams. 

Consider the system shown in Fig. 2, with the air entering dehumidifier chamber 12 at 
30 degrees C and 100% humidity. Assume further that tlie amount of liquid removed from the 
25 air reduces its humidity to 35% without reducing the temperature. In this situation, the amount 
of heat transferred betweCTL the streams of desiccant solution would 'be equal to the heat of 
v^orization of the water removed from the air, so that the temperature of the desiccant 
solution felling into reservoir 20 from chamber 12 is at the same temperature as that which 
enters ii, except that it has absorbed a certain amount of moisture from the air. 
30 Assume further, Cbat the regenerator is set up, such that at this same temperature and 

humidity, it removes the same amount of water from the desiccant solution. This may require 
an input of heat (additionally to the heat available from the heat pump). 
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Further assujne that the air entering the dehumidifier chamber has a lower humidity, 
for example 80%. For this humidity, less liquid is removed (since the efficiency of water 
removal depends on the humidity) and thus, the temperature of the desiccant solution leaving 
the dehumidifier chamber also drops. However, since less water enters the desiccant solution 
5 from the dehumidifier chamber, the amount of water removed from the solution m the 
regenerator also drops. This results in a new balance with less water removed and the desiccant 
solution at a lower temperature. A lower temperature desiccant results in cooler air. Thus, the 
temperature of the exiting air is also reduced. However, the relative humidity remains 
substantiaUy the same. It should be understood that a reduction of input air temperature has 
10 substantially the same effect- 
In a preferred embodiment of the invention, the system is self regulating, with the 
dehumidifying action cutting off at some humidity level. The humidity level at which this 
takes place will depend on the capacity of the solution sprayed from nozzles 22 to absorb 
moisture and the ability of the sohitioix and on the capacity of the solution sprayed from 
15 nozzles 22* to release moisture. 

In general as ftie air at iidet 14 becomes less humid (relative humidity) the 
dehumidifier becomes less able to remove moisture from it. Thus, the solution is cooled on 
each transit through the conduit 102 and die percentage of desiccant in the solution in 30B 
reaches some level. Similarly, as less moisture is removed from the air, the solution in 30A 
20 becomes move concentrated and less moisture is removed from it (all that happens is that it 
gets heated. At some point, both removal and absoiption of moisture by the solution stop since 
they respective sprayed solution is stability with the air to which or from which moisture is 
transferred. 

It should be understood that this humidity point can be adjusted by changing the 
25 amount of heat transferred between the solutions in conduits 102 and 104. If greater heat is 
transferred, the transfer ability of both the dehumidifying chamber and the regenerator are 
increased and the humidity balance point is lowered. For less heat pumped, a higher humidity 
wai result. In addition, the set-point vdll depend somewhat on the relative humidity of the air 
Altering the regenerator. 

30 Fig. 4 schematically shows a window mounted dehumidifier system 1 10, in accordaace 

with preferred CTibodiments of the invention. In this embodiment, the entire unit shown in 
Figs. 1 or 2 is contained in an enclosure 112 which hangs outside a window 114 of a room. 
Preferably, system 110 further includes a U-shaped support unit which rests on window sill 

10 


31. DEC. 2001 12=05 


WOLFFPftTENT JRLM ISRAEL 6242266 


NO. 168 P. 14 


PCTyiL98/00552 

WO99/2602« 

118 and is finnly attached to enclosure 112. Passing through window 112 are two conduits. 14 
and 15 coireapoiiding to air inlet 14 and dehumidified air outlet 16 of Figs. I and 2. The 
window closes on the top of the conduits to seal the room from the outside. A power cord 120, 
plugs into a power outlet inside the window and supplies power to the dehumidifier unit. 
5 Preferably, a panel is situated inside the window on which controls are mounted and which 
provides a suitable grill for inlet 14 and outlet 16. Fig. 3 also shows inlet 60 and outlet 62 used 
to cany away moisture laden warm air. Additionally, inlet 60 can provide a controllable 
amount of fresh air to the room. 

In a further preferred embodiment of the invention the configuration of Fig- 4 is used 
10 for a combination air conditioner and dehumidifier or for a conventional an conditioning 
mechanism including a heat pump that cools air entering the inlet by contact with a cold 
surface of the heat pump. For an air conditioner both heal exchangers would be outside the 
window with air from the room being fed to the air conditioner's condenser via conduit 14 and 
from it via conduit 16 to the room to be cooled. 
15 Units such as those shown in Fig. 4 provide for the low noise of split air conditioning 

units with the convenience of window mounting. 

When used in titie following claims, the tcmis "comprise" or "include'' or their 
coiyugates mean "including but not necessarily limited to." 

The present invention has been described utilizing a preferred embodiment thereof. It 
20 should be understood that many variations of the preferred embodiment within the scope of the 
invention, as defined in the following claims, are possible and will occur to a person of skill in 
the art 
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CLAIMS 

1. A dehumidifler system comprising: 

a dehunddifying chamber into which moist air is introduced and from which less 
5 moist air is removed after dehumidification; 

a desiccant solution situated in at least one reservoir, 

a first conduit via which desiccant solution is transferred from the at least one 
reservoir to the dehumidifying chamber, said solution being returned to said at least one 
reservoir after absorbing moisture from the moist air; 

a regenerator which receives desiccant solution from said at least one reservoir and 
lemoves moisture fix>m it; 

a second conduit via which desiccant is transferred from the at least one reservoir to 
the regenerator, said solution being returned to said at least one reservoir after moisture is 
removed from it; and 

15 a heat pump that transfers heat from the solution in the first conduit to the solution in 

the second conduit. 

2. A system according to claim 1 wherein the heat pump comprises a first heat 
exchanger which receives heat from the solution in the first conduit, a second heat exchanger 

20 that receives heat from the solution in the second conduit and a compressor. 

3. A systmi according to claim 2 whwein ttie regenerator comprises a regenerator 
chamber in which moisture is removed from the solution by contact with air that is brought 
into the chamber. 

25 

4. A system according to claim 3 wherein the compressor is cooled by said air prior ro 
its entry into the regenerator chamber, such that the moisture removal ability of the air is 
increased. 

30 5, A system according to claim 2 wherein the heat pump includes an additional heat 
exchanger which transfers heat from a refrigerant after the refrigerant leaves the second heat 
exchanger. 
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6. A system according to claim 5 wherein the regenerator comprises a regenerator 
chamber in which moisnire is removed from the solution by contact with air that is brought 
into the chamber. . 

5 7. A system according to claim 6 wherein the additional heat exchanger is cooled by 
said air prior to its entry into the regenerator chamber, such that the moisture removal ability 
of the air is increased, 

8. A system according to any of the preceding claims and including a control that 
10 controls the amount of heat transferred by the heai ptmip, 

9. A system according to any of the preceding claims wherein the at least one reservoir 
comprises a first reservoir bom which solution is transferred via the first conduit and a second 
reservoir from which solution is transferred via the second conduit. 

15 

10. A system according to claim 9 wherein a substantial temperature differential is 
maintained between the first and second resCTVoirs- 

11. A system according to claim 9 or claim 10 and including a conduit that connects the 
20 first and second reservoirs, such that the level of solution in them is substantially the same. 


12. A defaumidifier system comprising: 

a dehumidi^ing chamber into which moist air is introduced and from which less 
moist air is removed after dehuoudificadon; 
25 . a desiccant solution situated in a jSrst reservoir; 

a fiiBt conduit via which desiccant solution is transferred from tiie first reservoir to the 
dehumidifying chamber, said solution being returned to said at least one reservoir after 
absorbing moisture from fte moist air; 

a desiccant solution situated in a second reservoir; 
30 a regenerator which receives desiccant solution fit>m the second reservoir and 

removes moisture from it; 
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a second conduit via which desiccaat is transferred from the second reservoir to the 
regenerator, said solution being returned to said second reservoir after moisture is removed 
&om it; and 

wherein a substantial temperature differential is maintained between the first and 
5 second reservoirs. 

13. A system according to claim 12 and including a conduit connecting the first and 
second reservoirs such that the level of solution in them is substantially the same. 

10 14. A system according to claim 11 or claim 13 wherein the conduit provides for only 
limited mixing between the two reservoirs such that a substantial temperature differential is 
maintained between them. 

15. A system according to any of clflims 10-14 wherein the temperature difiBwrential is at 
\5 least 5 ^C. 

16. A system according to claim 15 wherein the temperature differential is at least lO^C 

17. A system according to claim 1 5 wherein the temperature differential is at least IS^C. 

20 

18. A system according to any of claims 11-17 and including means for providing an 
additional limited amount of mixing between the two reservoirs. 

19. A system according to any of claims 1 1-18 wherein the limited mixing results in a 
25 solution concentration difEbrential between the solution in the first and second reservoirs. 

20. An air modifying device including: 

an enclosure including apparatus for modii^ring air entering the apparatus via an air 
inlet and having an air outlet for the modified air; 
30 a first conduit having an entrance for air and an exit communicating with the inlet; 

a second conduit having an exit and an entrance communicating with the outlet; and 
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a moimtiiig surface adapted for mounting the device on a partition such that tlie 
enclosure is on a first side of the partition and the entrance to the first condnit and the exit 
from the second conduit are situated on a second side of the partition. 

5 21. A device according to claim 20 wherein the conduits carry air from the first side of 
the partition to the second side of the partition. 

22. A device according to claim 21 wherein mounting sur&ce is adapted for mounting on 
a window sill and including a seal around the conduits that seals the first side of the partition 

1 0 from die second side of the partition when a window is closed on the conduits. 

23. A device according to any of claims 20-22 wherein the apparatus for modif/ing air is 
a dchuinidifier 

15 24. A device according to any of claims 20^22 wherein the q>paratus for modifying air is 
an air conditiDner inchiding a heat pump that cools air entering the inlet by contact with a cold 
surface of ttie heat pump. 

2S< A device according to any of claims 20-22 wherein the apparatus for modifying air Is 
20 a combination dehumidifier and an air conditioner including a heat pump that cools air 
entering the inlet by contact with a cold surface of the heat pump. 

26. A device accordixxg to claim 23 or claim 25 wherein the dehumidifier is a 
dehumidifier system according to any of claims 1-12, 

25 
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